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Typical procedure for ligand-free Heck reaction  
A Schlenk flask was filled with NaOAc (0.90 g, 11.0 mmol), bromobenzene (1.57 g, 10.0 mmol), 
a known amount of dihexyl ether (internal standard for GC) and NMP (14 mL). Nitrogen 
atmosphere was applied, a stirring bar was added and the vessel was closed with a septum. In a 
separate flask Pd(OAc)2 (6.3 mg) was dissolved in NMP (100 mL). 7.1 mL of this solution was 
added to the schlenk flask by using a syringe (0.02 mol% Pd compared with bromobenzene). The 
schlenk flask was stirred and heated to 120°C, n-butyl acrylate (1.79 g, 14 mmol) was added (t = 
0) and the mixture was further heated to 135°C. At certain time intervals aliquots were taken from 
the reaction mixture and analysed by GC. After completion of the reaction (for this example ca. 5 
hours), the mixture was cooled and poured into water (75 mL) and extracted with toluene (2 times 
75 mL). The collected organic layers were washed with water (3 times 50 mL), brine (50 mL), 
dried with Na2SO4, and filtered through a small plug of celite. The inorganic material was washed 
with toluene (50 mL) and the solvents were evaporated giving an oily product. Yield and 
selectivity are > 95% as was revealed by GC analysis and 1H and 13C NMR. 
 
Automated screening of substrates in the ligand-free Heck reaction 
In an automated synthesis robot (ASW 2000, from ChemspeedTM) 32 double jacketed reaction 
vessels each equipped with a condenser were installed. Each vessel was filled with NaOAc (200 
mg, 2.4 mmol), the vessels were closed and nitrogen gas was applied. By using the fully 
automated syringe of the robot each vessel was filled with NMP (0.75 mL), aryl bromide solution 
in NMP (1M, 2.0 mL, 2.0 mmol), Pd(OAc)2 solution in NMP (0.0041 M, 0.25 mL, 0.0010 mmol, 
0.05 mol% Pd compared with aryl bromide), and olefin solution in NMP (1.2 M, 2.0 mL, 2.4 
mmol). All vessels were vortexed (600 rpm) and heated up to 135°C. After 1, 2, 5, and 15 hours a 
sample (0.1 mL) of every vessel was taken. The samples were diluted with acetone containing a 
known amount of dihexyl ether (internal standard for GC). 
Analysis of all 128 samples was performed using GC analysis revealing the yield, the conversion 
based on the aryl bromide and the selectivity. See Table 1 for the results. 
 
 
Electron spray MS 
Negative ion electrospray (ESI) of reaction samples diluted to a 5% solution in acetonitrile were 
recorded using a PE SCIEX API150 single quadrupole mass spectrometer (Applied 
Biosystems/MDS SCIEX, Toronto, Ontario, Canada). The samples were introduced by direct 
infusion of the sample solution at 5mL min-1 with a syringe pump (Harvard Apparatus, Saint 
Laurent, Quebec, Canada). The spray capillary voltage was maintained at –4 kV, while the 
defragmentation potential was set at 10V. The quadrupole resolution was set to high resolution. 
Mass spectra were collected in full scan mode, scanning from 100-700 amu in 40 seconds. 
 
See below for the observed palladium clusters in the ligand-free- and the Herrmann-Beller 
catalysis, and the simulation of a PdBr3- cluster.  




2110322-1-7MS2_021122135455 #2-183 RT: 0.01-2.00 AV: 182 NL: 1.33E5
T: - p Full ms2 346.00@0.00 [ 95.00-400.00]

















































2-4MS2 #1-153 RT: 0.00-2.00 AV: 153 NL: 1.75E5
T: - p Full ms2 346.00@0.00 [ 95.00-600.00]
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Simulation of PdBr3- cluster 
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